Abstract The ability to control emotion is a skill which contributes to performance in the same way as cognitive and technical skills do to the successful completion of high stress operations. The interdependence between emotion, problem-solving and decision-making makes a negative emotion such as anxiety of interest in evaluating trainee performance in simulations which replicate stressful work conditions. Self-report measures of anxiety require trainees to interrupt the simulation experience to either complete psychological scales or make verbal reports of state anxiety. An uninterrupted, continuous measure of anxiety is, therefore, preferable for simulation environments. During this study, the anxiety levels of trainee pilots were tracked via electromyography, eye movements and pupillometry while undertaking required tasks in a flight simulation. Fixation duration and saccade rate corresponded reliably to pilot self-reports of anxiety, while pupil size and saccade amplitude did not show a strong comparison to changes in affective state. Large increases in muscle activation where recorded when higher anxiety was reported. The results suggest that a combination of physiological measures could provide a robust, continuous indicator of anxiety level. The implications of the current study on further development of physiological measures to support tracking anxiety as a tool for simulation training assessment are discussed.
Introduction
Active cognition during complex operations is a critical component for success in military operations. Objective judgment and decision-making are crucial operational functions which rely on higher-order cognitive processes. Emotions associated with stress, such as fear and anxiety, can overwhelm prefrontal cognitive processes (Russo et al. 2005) . The ability to control emotion varies across personnel and often relates to experience. An expert can be viewed as having developed over time and through experience, the level of skill required to control his/her emotions during high stress operations.
A significant amount of research has been published over the past four decades concerning the mechanisms that underlie expert performance (Ericsson et al. 2006; Loft et al. 2009 ). Emotion has been recognized as central to performance (Gee 2010) . Ballard (2009) found that performance during a 2-min time period was positively related to emotional state at the end of that time period. Control theory (Seo et al. 2004 ) makes predictions about the effect performance progress will have on a person's emotional state. For example, when individuals experience emotions related to stress, they subsequently try harder. In summary, these theories suggest when performing well, an individual experiences positive emotions such as happiness and alertness, while making poor progress results in negative emotions such as anxiety (Ballard 2009 ). Ballard (2009) when investigating the emotion and performance found that 'when an individual is setting a goal, feelings such as alertness or brightness can lead them to engage further and set a more difficult goal. On the other hand, feelings of anxiety or stress can lead them to avoid difficulty by setting a goal that is easier to attain ' (2009, p. 47) . However, he also found that while working toward a goal, a person may respond to feelings of anxiety by increasing their effort in order to improve their performance. This suggests that anxiety can influence how someone performs rather than just occur as an emotion that is felt a result of how well or not an individual is performing. This study examines whether anxiety can be continuously measured via EMG and pupillometry during simulation training. A method which can support the evaluation of a trainee's ability to control his or her anxiety levels during simulation training would be a useful addition to current methods to evaluate performance during training.
Anxiety and performance
The work of Damasio (1995) in neuroscience has convincingly demonstrated the impact of emotions on activities previously considered to require only rational thought, such as problem-solving and decision-making. In Lazarus's (1966) transactional model of stress, people appraise task demands in terms of their perceived ability to cope. A professional needs to feel confident that they can control their emotions, such as anxiety, in a way that allows them to effectively undertake the demands of their job.
Simulation training for professionals working in high stress environments has been training individuals to learn to control their emotions to facilitate optimal performance for many years. Emotion prepares individuals to respond to eliciting stimuli by coordinating a system for responses: Anger prepares the body to fight, and fear prepares it for flight (Matsumoto and Wilson 2008) . Simulation training works on the premise that a professional's confidence in his/her ability to control anxiety can be strengthened through training whereby they have been given the opportunity to work through anxiety and perform their tasks successfully.
The ability to control one's emotions is a requirement of performance that has been recognized in the field of professional sport for some time. Affective intelligence is a subscale of a tool developed to measure 'mental toughness' in athletes. Affective intelligence recognizes that optimal performance on the sports is dependent on an athlete being able to remain in control of their emotions, no matter what obstacles they encounter and be able to be actively able to bring their emotions into play to facilitate optimal performance (Gucciardi and Gordon 2009).
Positive emotions have been found to facilitate the retrieval of positive self-and task-related information, whereas negative emotions have been found to facilitate the retrieval of negative self-and task-related information (Daniels et al. 2009 ). There will be individual differences in how much unpleasant emotion, such as anxiety, is too much before individuals start to lose motivation to perform. It has always been a goal of simulation training to gradually expose trainees to increasing levels of anxiety until they are able to tolerate significantly higher levels of anxiety before their performance starts to deteriorate.
Training to control anxiety
There are many advantages to being able to train a professional to improve their ability to control anxiety. Military reports indicate that the overwhelming majority of combat personnel experiences anxiety and/or fear before or during battle. Often physical symptoms associated with these emotions are reported, such as nausea and heart palpitations. Although anxiety and fear are natural and often important to survival, it cannot be allowed to manifest to the extent that it interferes with and reduces combat effectiveness (Redden et al. 2004, p. 565) . Soldiers must make complicated battlefield decisions and no matter how difficult or dangerous the conditions they are facing; a highly trained professional has the ability to control his or her emotions to carefully think about how to proceed (Lehrer 2009).
In aviation, pilots have long been taught to practice staying calm via simulation training (Lehrer 2009). The advantage of training for safety critical situations via simulation is trainees can repeatedly practice their response to these extreme case scenarios. While reinforcing important technical skills, simulators are concurrently also teaching trainees something equally as important: how to draw on an optimal blend of reason and emotional control. They learn how to control negative emotions when they are not useful and how to make quick, complicated decisions in the most fraught situations (Lehrer 2009).
Measuring anxiety
In research which evaluates simulator training of cognitive skills such as situation assessment and decision-making, emotions have, therefore, become a key variable of interest (Tichon 2012) . However, as has been the experience in aviation, across all professional domains, the assessment of non-technical aspects of performance can be challenging.
After identifying the role of anxiety in performance in simulator-based training settings, it became apparent that current tools used to measure it are all characterized by one major limitation, the necessity of relying on self-report measures to measure anxiety. Both paper-based reports and verbal reports from the trainee on their changing anxiety levels require the trainee to interrupt their simulation training to some degree. Paper-based self-reports involve stopping the simulation scenario completely. Verbal reports involve the psychological disengagement from the virtual environment to consider and report on anxiety levels. Both methods negatively impact the simulation training experience.
In simulation, it is the act of becoming immersed to the point of feeling you are actually there, referred to as Presence, in the replicated world which underlies the success or otherwise of the training experience (Juang and Alessi 2000) . Presence has become a variable widely accepted as being positively related to enhanced learning and performance in simulation and, therefore, highly desirable (Witmer and Singer 1998) . Presence has, therefore, been widely researched as a key construct facilitating the effectiveness of simulation training (Lombard and Ditton 1997; Tichon 2007) . Results indicate the two are inextricably tied. It is well established that coherence of a virtual stimulus set promotes learning and an uninterrupted sense of presence has been identified as a key requirement in achieving this. Any measurement or evaluation devices that require trainees to divert their attention from the simulated experience cause distraction. Presence is eroded by distraction and, therefore, erodes the simulation learning experience (Witmer and Singer 1998) . Therefore, while technical performance can be measured effectively in simulation, emotional states to date cannot.
Simulators provide the advantage of being able to replicate high stress operational environments safely and realistically. Within these replicated environments, the opportunity arises to test and develop more advanced measures. Contemporary research efforts into workload and performance usually incorporate some form of psychophysiological measures such as electroencephalography (EEG), cardiac changes (heart rate, blood pressure), ocular events (number and duration of eye blinks), changes in skin response, muscle activity (electromyography: EMG) and respiration (Redden et al. 2004) . Increasingly, it is being recognized that capturing behavioral data from participants, such as facial expressions or head movements, may be a more accurate representation of how and what they feel and a better alternative to self-report questionnaires that interrupt participant's emotions and cognitions during performance (Ahn et al. 2009 ).
Feature extraction as an objective measurement tool of emotion has been garnering significant increase in interest (Liao et al. 2006; Bailenson et al. 2008) . Stress has been a key variable of interest with investigations revealing features, measured via pupillometry, are potentially sensitive and robust to stress (Liao et al. 2006) ; however, a model using physiological measures in tandem with facial tracking was found to be more reliable than one relying on either cue alone (Bailenson et al. 2008) . El Kaliouby and Robinson (2005) developed a general computational model for facial affect inference and have implemented it as a realtime system. This approach used dynamic Bayesian networks for recognizing six classes of complex emotions.
Several studies have used surface EMG to evaluate skeletal muscle response to stress and anxiety and have shown a global increase in muscle activation during acute stress exposure (Lundberg et al. 2002; Nilsen et al. 2007 ). Although at least one study did not show an increase in EMG activity with stress, the ability of the muscle to relax was impaired in stressful situations (Blangsted et al. 2004 ). Yoshie et al. (2008) examined the relationships between psychological stress, electromyographic (EMG) activity, and performance in pianists. EMG activity was reported as a reliable, objective measurement of the underlying target construct, emotion. In response to stress, both agonist and antagonist muscle activities increase, resulting in co-contraction and increased joint stiffness. Elevated muscle activity associated with psychological stress also results in increased force outputs and can lead to deterioration in overall signal-to-noise ratio in the motor control system resulting in further observable, recognizable patterns of motor performance (Yoshie et al. 2008) .
The current project was devised to systematically explore a combination of feature extraction via eye movements, pupillometry and electromyography (EMG) technologies to identify a reliable set of objectively measurable features and responses that highly correlate with anxiety. The overall aim is to develop a continuous measure of anxiety to evaluate trainee performance during simulation training.
Methods
The study was conducted in January 2011 and was undertaken at a flight training facility located at Aviation High, Hendra, Queensland. The primary aim was to achieve proof of concepts and physical equipment trialing. The objectives were twofold: (1) to test the hardware and software setup with the aim of ironing out any problems, and (2) to obtain simultaneous physiological and subjective measures of anxiety. Although the data were used to probe for correlations between the physiological state and reports of anxiety, the primary aim of the study was to check all programming requirements had been undertaken to ensure all monitoring equipment was functioning as required by the study and were appropriately synchronized with each other. Additionally, it provided a trial set of data for filtering and making initial analytical sweeps to assist to determine the final analysis requirements.
Muscle activity, eye movements, blinks and pupillometry were recorded while participants undertook a flight scenario designed to increase in difficulty over a 30-min period. Before commencing and after completing the training scenario, the participants were required to fill in a questionnaire assessing their anxiety.
Participants
Twelve participants were recruited from among currently enrolled undergraduate students of the Griffith University School of Aviation. They were 7 male and 5 female pilots. All had prior flying experience. Previous flight hours ranged from 3 to 173 with a mean of 79.64 h (SD = 57.99). Prerequisites for participation were normal or corrected-tonormal vision. The pilots aged from 19 to 31 years of age with a mean age of 26.1 (SD = 3.60) years. Participants volunteered to take part in the study, and informed consent was gained.
Apparatus

Simulator
The experiments were conducted in a GeoSim Cockpit style Fixed Wing Synthetic Trainer (see Fig. 1 ).
The simulator is capable of replicating, to a varying degree of fidelity, a number of aircraft, including single and dual engine piston aircraft, and larger turbo prop. The simulator has an enclosed fiberglass shell replicating a small aircraft cockpit. Main controls include dual yoke controls, rudder and throttle quadrant. Other secondary controls and systems are made available, including trim wheel, radio's and a selection of switches for operating lights, beacons, and other associated systems. More sophisticated controls include magneto switch, starter button and cowl flap controls. The simulator allows for the adjustable seating for two pilots.
Virtual scene
Pilot instruments were confined within the main fiber glass shell and located in front of the pilot. The computer utilizes the 'Flight Simulator X' program, and for this study, was replicating analogue instruments consistent with a Cessna 172 aircraft. The simulator allows for an outside visual system. This system consisted of an over head projector, projecting an image on a large 120 00 screen using a highquality LCD laser projector.
Once all measuring equipment had been safely attached, a 30 min simulated flight was conducted. All participants were given 5 min to familiarize themselves with the aircraft controls and systems during taxiing undertaken but the trainer. Students were then required to take over the controls and conduct the following maneuvers:
1. Manual takeoff 2. Level off at 1,000 feet 3. Thirty degree turns, in both directions 4. Climbing and descending turns and 30 degrees, at 80 knots, at 500 feet per minute (due to the level of participant's previous flight experience, all participants found this maneuver extremely difficult to complete) 5. Landing on the runway 
Electromyography (EMG)
EMG data were recorded at 1,000 Hz using surface electrodes feeding into a National Instruments analogue recorder that is controlled by a LabView program running on a central PC (Control PC). Eight synchronous analogue recording channels were available.
The activity of the following muscles was of interest and was recorded:
1. Jaw clenching (masseter).
Shoulder tension muscles (upper Trapezius).
Wrist flexing (Flexor carpi radialis).
Calf tension (Lateral gastocnemius).
Thigh tension (Vastus lateralis).
It was our intention to also record eyebrow movement (Corrugator supercilii), but it proved too difficult to attach electrodes effectively without interfering with the eyetracker head harness.
Diagnostic features derived from the eye
Eye movement and pupil size data were recorded using an SR Research EyeLink II head-mounted tracker, performing binocular 500 Hz sampling. Data collected by the eye tracker include relative pupil size, eye position and movement velocity. The final data include some derived 'events': blinks, fixations and saccadic movements that are calculated by the eye-tracker host before it records the data.
The eye tracker requires an initial calibration procedure for each participant. This involves first fitting the headmounted cameras, just below the line of sight under each eye. The subject is then asked to fixate a series of control points enabling the eye-tracker software to calculate how to extrapolate from eye movement and position to gaze direction for each subject.
Feature measures which were derived from the eyetracking data were as follows:
Saccade rate, saccade duration, pupil size, pupil size variation, saccade amplitude, peak saccade velocity, saccade velocity and blink rate.
Survey
A self-report survey was used in this initial stage to gain an indication from participants as to their level of anxiety engendered by the test simulation. A suitable general measure of anxiety was ascertained to be the multiple affect adjective checklist (MAACL-R) which has been extensively used in the investigation of the impact of stress, including a subscale measuring anxiety, on psychological functioning (Hunsley 1990) and is currently in use in simulator training evaluations. In studies of acute stress, the Army Research Laboratory (ARL) has found that temporary stress effects, such as anxiety, depression and hostility, are revealed by the multiple affect adjective checklist-revised (MACCL-R). The checklist consists of 132 adjectives that comprise five primary subscales (anxiety, depression, hostility, positive affect and sensation seeking). The checklist can be completed in approximately 5 min (Redden et al. 2004 ).
Results
Previous research has identified a number of parameters relating to the eyes and their movement which are influenced by emotions and specifically state anxiety. Blinks, saccades and pupil dilation have all been reported as varying systematically with manipulations to measured anxiety levels. Chapman et al. (1999) conditioned subjects to expect an electrical shock to their finger-tip, producing raised levels of anxiety. During periods shortly before a shock, the team recorded increases in the cycling of pupil size (i.e., variability in pupil size over time) which they attributed to a rise in anxiety levels. Partla and Surakka (2003) exposed subjects to images designed to produce positive or negative arousal in subjects and reported changes in the maximum, short-term pupil dilatory response which they termed PSV (pupil size variation). Some tentative links between eye movement and emotions have also been reported for subjects observing static faces portraying a range of emotional expressions (Susskind et al. 2008) . In particular, the authors report increases in peak saccade velocity in response to fearful expressions. Perhaps, one of the more widely investigated measures is blink rate. The general consensus is that blinking increases as anxiety levels increase (e.g., Harrigan and O'Connell 1996) ; however, the opposite result has also been reported (Liao et al. 2006) .
Of the eight measures taken relating to the eye (e.g., eye movement, pupil size and blink rate), most produced a mixed response across subjects. Two measures, however, revealed a consistent pattern across subjects. Saccade rate and pupil dilation were consistently clearly linked to anxiety as self-reported by the subjects. To demonstrate this consistent relationship, Fig. 1 provides an example of data from two subjects. These two are represented because interestingly they reported opposite trends in anxiety across the 30 min of testing and, particularly, across the two crucial test phases-corresponding to 'easy' and 'hard' phases of flying simulation. Correspondingly, there saccade rates and pupil dilation scores also tracked this opposite trending.
For subject I, the rate at which new saccades were generated rose by over 30 %, whereas for subject G, there Cogn Tech Work (2014) 16:203-210 207 was no detectable change-as summarized in the left-hand chart of Fig. 3 . Similarly, relative pupil size generally increased during the 'hard' phase of flying in subjects who reported increased anxiety-such as subject I. Conversely, subject G exhibited an overall decrease in pupil size. The raw pupil size data over a 60-s period is shown in Fig. 2 with the summary of changes for the entire period of testing given in Fig. 3 (right-hand chart) . Muscular contraction associated with anxiety was measured using EMG. Examination of the muscle activation patterns across each participant revealed a corresponding increase in activity associated with anxiety; primarily, this was seen in muscles of the leg with the level of activation increasing by up to 50 % above the nonanxious state. Similar patterns were observed in the greater amounts of muscle contraction in the jaw, shoulder and wrist as well as the thigh and calf muscles when subjects reported being in a higher anxiety state.
While the amplitude of the EMG signal is a reflection of the degree of muscle activation, it can also vary depending on a number of biophysical factors including electrode placement, impedance, and muscle size. As a result, the absolute EMG amplitude cannot be directly compared between individuals. Instead, we compared the relative changes in EMG as a function of task difficulty for each individual. To demonstrate how muscle contraction corresponded to increased levels of anxiety, a direct comparison between two participants who reported low versus high anxiety is provided in Fig. 4 . Participant I reported much higher levels of anxiety as they were required to perform simulator tasks in the 'hard' phase of flying. Their percentage change in muscle activation from the 'easy' to 'hard' phases is much more significant than participant G. Participant G reported much lower levels of anxiety when required to perform the 'hard' phase and correspondingly their muscle activation was much less. It was important to find that the physiological measures of anxiety reliably tracked both high anxiety and reduced levels of anxiety as well. For the two individuals presented (participant I and G), we expressed the root mean squared (RMS) EMG in the 'hard' portion of the task, where high anxiety is expected, as a function of baseline, 'easy' portion of the task, where low anxiety is expected.
Discussion
In contrast to earlier literature, no consistent link emerged between eye movement peak velocities or blink rates, and self-reported state anxiety. However, consistent with earlier reports, there was some evidence of a positive correlation between pupil size and anxiety. Our work also revealed a tentative link between saccade rate (or equivalently, fixation duration) and anxiety. Based on the relatively small sample size, it is of course too early to conclude whether the range of eye movement and eye response measures identified will be prove to be conclusive indicators of state anxiety; however, there is reason to think that in combination with other physiological measures, they will provide a robust, objective indicator of affective state. The task for future studies will, therefore, be to run a larger-scale experiment with the statistical power to test for correlations between the eye movement variables and anxiety or indeed other emotional states.
Although reports of state anxiety were generally aligned with the changes in eye movement behavior described above, the correlations were not statistically significant when pooled across all subjects. This was in part due to the small sample size, but also because several subjects reported neither an elevation nor drop in anxiety across the two test phases of the experiment. To ensure more usable data in future studies, the simulation tasks differentiated as 'hard' will need to deliver a significantly increased level of anxiety.
In terms of the EMG measure, our observations are consistent with the literature in which high perceived anxiety was associated with increases in tonic muscle activation. While the mechanisms underlying anxiety evoke increases in muscle activation, recent evidence suggests that the peripheral nervous system does not contribute to this motor response (Nilsen et al. 2008) , suggesting that it is likely mediated directly by the central nervous system. While some differences in self-reported levels of anxiety may be due to interindividual differences, this was not viewed as detrimental as anxiety is an individual and subjective emotion. The aim was to investigate whether we could measure anxiety physiologically in the simulator setting when an individual reported feeling anxious. The individual differences became apparent very quickly with some participants, as described above, not finding the 'hard' simulation anxiety evoking. This project was devised to correlate physiological measures to self-report measures of anxiety to test the effectiveness of the anxiety measurement tool. The next step in using this measure to evaluate performance would be to correlate technical skill scores with the individual anxiety experience.
The raw data displays assist to identify that although some participants had low self-reported anxiety, their physiological measures showed high physiological arousal (subject G below as compared to subject I in Fig. 1 ). Looking at the raw data in Fig. 1 , it might be surmised that subject G is the most stressed as his levels reach past 40 (this is eye movement velocity in degrees per second on the Y axis) more often. On analysis, it is actually subject I that is most stressed (as also reported by subjects on the MA-ACLR). This was ascertained by analyzing the data to obtain the measure of 'percentage change' from easy to hard simulation tasks. Thus, subject G who reported low anxiety (but was actually recording higher arousal level above) had a less than 1 % change in rate of saccades from the easy to hard simulation tasks, while subject I who reported high anxiety on MAACLR (but recorded lower absolute arousal levels) had a 32 % increase in rate of saccades. Interestingly, not all physiological measures for one individual are necessarily going to record the same 'arousal' level. For example, subject G recorded less muscle activation than the more anxious subject I.
The data suggest, therefore, that it may not be the degree of physiological arousal levels of anxiety that are of key interest in evaluation of performance, but rather a person's ability to maintain or control the extent to which their individual experience of anxiety changes under stress. This is a key interest to simulation training approaches that provide exposure to stress to facilitate a professional's training to remain in control their emotions and learn to actively bring their emotions into play to facilitate optimal performance. The significance of the study results is the indication that with further developments, physiological measurements may be able to provide a continuous measure of anxiety that does not need to interrupt the training experience which so heavily relies on feeling present in the replicate world. The present work provides a much more convincing line of enquiry as to how individual emotions measured physiologically can be used to assess simulator training.
In conclusion, initial findings from the pilot study indicate that in accordance with prior literature, there are relatively robust physiological measures which can be monitored during simulation training to accurately reflect changes in anxiety. The development of a measurement tool which brings together each of these physiological measures into a real-time anxiety monitoring device will provide a new approach to the measurement of non-technical preparedness for high stress operations.
